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(57) Abstract 

The invention relates to a method for testing the function of a mobile station, which mobile station (MS) is intended to operate 
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Method for testing the functioning of a radio apparatus, and a mobile 
station 



5 The present invention relates to a method according to the preamble of 
the appended claim 1. The invention relates to a mobile station accord- 
ing to the preamble of the appended claim 8. 

Up to the digital cellular systems of the second generation, radio appa- 

10 ratuses, such as mobile stations, have been primarily phones, wherein 
the information to be transmitted has been primarily digitized speech. 
For speech transmission in communication between a mobile station 
and a base transceiver station, a so-called traffic channel has been de- 
fined, whose properties are optimized according to features character- 

15 istic to speech communication. However, the use of mobile stations is 
becoming more versatile with expansions in the systems of the second 
generation and particularly with the introduction of digital cellular radio 
systems of the third generation. Good examples of expansions of the 
second generation designed for the GSM system (Global System for 

20 Mobile Telecommunications) are HSCSD (High Speed Circuit Switched 
Data), in which one connection between a terminal device and a base 
station is allocated several time slots of the TDMA frame; the GPRS 
(General Packet Radio System) which is based on packet-switched 
connections between the base station and the terminal device instead 

25 of previous circuit-switched connections; as well as the EDGE 
(Enhanced Data rates for GSM Evolution), in which modulation meth- 
ods and channel coding are changed to achieve a considerably higher 
momentary data transmission rate between the base station and the 
terminal device than in devices of prior art. The GSM system refers 

30 generally to its different versions at operational frequencies of 900 Mhz, 
1800 Mhz and 1900 Mhz, although the latter ones have also been 
called DCS1 800 and DCS1900 (Digital Communications System at 
1800/1900 Mhz). 

35 In more versatile mobile communication, the transmission of data other 
than digitized speech will be of increasing importance. Data transmis- 
sion is thus characterized by the non-real-time quality in general, as 
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well as by entirely different demands on error correction and variations 
in the data transmission rate than in digitized speech. Data transmis- 
sion comes into question particularly when the terminal device in the 
cellular radio system is a mobile phone which is connected to a sepa- 
5 rate data processing auxiliary device, such as a computer. For data 
transmission, mobile communication systems are provided with speci- 
fied traffic channels whose properties can be optimized for data trans- 
mission. 

10 Testing of terminal devices for the functions involved in e.g. the use of 
traffic channels has proved problematic. The use of traffic channels is 
conventionally involved in a situation shown in Fig. 1, in which a mobile 
phone MS (mobile station) used as the terminal device is locally con- 
nected with DTE (data terminal equipment) of a terminal adapter TA. 

15 The cellular radio system is simulated during the test by a system called 
SS (simulation system). The testing of traffic channels has required that 
a functioning data transmission connection is set up between the SS 
and the DTE via the MS, to serve a simultaneously functioning applica- 
tion requiring data transmission. The application in question must be 

20 active in the DTE and it must be simulated in the SS, which causes 
extra complication in the test. This may also extend the time duration of 
the test. 

The need of a separate data terminal and the application to be run 
25 therein, as well as the very long extended testing time have easily the 
result that the data terminal interrupts the data transmission connection 
set up for the test, because one of the time limits specific for the 
application in question expires or the number of errors detected in the 
data transmission channel exceeds a limit value specific for the 
30 application in question. This causes uncertainty and a need to test the 
status of the device, particularly the data transmission protocol, during 
the test. Furthermore, known tests usually apply the procedure that a 
frame received by the data terminal from the SS (downlink, i.e. data 
transmission from the base station to the mobile station), is circulated 
35 bit by bit as such uplink (i.e. data transmission from the mobile station 
to the base station), and downlink data transmission is circulated back 
to the SS, which usually confuses the numbering of uplink frames 
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specific for traffic channels, and also causes the data terminal to 
interupt the data transmission connection. Moreover, problems are 
caused by the fact that data transmitted on traffic channels may consist 
of such upper level units which in the radio connection between the 

5 base station and the mobile phone must be divided into several bursts 
in succession or close to each other. Information is transmitted in the 
channel in radio frequency bursts with limited duration, consisting of a 
sequence of modulated bits. So that the data terminal could be 
confirmed of the error-free reception of the information thus transmitted, 

10 it must decode a large number of frames and recombine the information 
contained therein. As a result of all this, testing of the functioning of a 
traffic channel by a conventional method involves largely the testing of 
the functioning of the terminal adapter and data terminal connected with 
the mobile phone and not the functioning of the mobile phone itself. 

15 This is inappropriate particularly for tests related to the type approval 
(TA) of mobile phones. 

Attempts have been made to approach the problem related to cutting 
off of a connection from the point of view of the functioning of the data 

20 terminal, i.e. it has been allocated a testing mode, in which normal re- 
actions to the long connection time and the confusion of numbering of 
the frames are eliminated. However, this does not eliminate the prob- 
lem that the final result of the test intended for testing the mobile phone 
depends largely on whether the data terminal and the software control- 

25 ling its operation function correctly, or partly on whether the upper 
levels of the data transfer protocol or external connections [e.g. exter- 
nal data interface) of the mobile phone function correctly. 

There are known methods in which the necessary functions are de- 
30 fined, whereby downlink data related to the traffic channels to be tested 
is circulated back uplink In the mobile station so that it is not passed via 
the external terminal device. It is characteristic for the test loops of the 
methods that the response generated in the mobile station to a com- 
mand of a determined protocol level received from the testing 
35 apparatus is to generate a traffic channel test loop to circulate downlink 
data received from the testing apparatus back uplink to the testing 
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apparatus, and the reception of downlink data and the transmission of 
uplink data is controlled by said protocol level during the testing. 

In the methods, the communication protocol controlling the test situa- 
5 tion has been modified in a way that for the test mode, only a required 
connection of a lower protocol level Is opened between the mobile sta- 
tion to be tested and the testing apparatus simulating the cellular radio 
system. The mobile station does not need to be connected with any 
external data terminal device at all, nor does an actual data call need to 

10 be set up in view of the upper protocol layers being aware of the con- 
nection set up. The fact that the upper protocol layers are unaware pre- 
vents an untimely termination of the connection by a function involved 
with them. The test data is conveyed downlink from the testing appara- 
tus to the mobile station which circulates applicable parts of the test 

15 data back downlink. The test loop is a logical connection to a certain 
point in a chain of components and functions intended for downlink 
data processing. 

For testing different functions of a mobile station, the method is modi- 
20 tied in several embodiments which differ from each other in the "depth" 
in which the circulation of the test data of the mobile station takes place 
uplink. The depth refers to the number of components and/or functions 
through which the downlink test data proceeds in the mobile station 
before its circulation back uplink. Preferred embodiments include e.g. 
25 the circulation of the test data to encryption, modulation and transmis- 
sion, as well as after reception, demodulation, decryption, and channel 
decoding to channel coding, encryption, modulation, and transmission. 

Primarily for the GSM system but also for the GPRS system, advanta- 
30 geous embodiments have been defined for circulating test data by 
means of a test loop in the GSM specification 04.14 Version 5.1.0 
(1998-10), which is hereby referred to as prior art. Each test loop is 
activated in the mobile station by sending the mobile station a com- 
mand to turn on the test loop. In principle, the information bits contained 
35 in each burst received by the mobile station on a downlink traffic chan- 
nel are circulated back to a certain downlink burst. In the GSM system, 
each burst contains 114 data bits to be circulated, when so-called 
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stealing flag bits are excluded. In the first defined method, the mobile 
station circulates the data received in a certain downlink time slot to a 
time slot of an uplink channel, which in the GPRS is the uplink PACCH 
time slot. In another mechanism, the mobile station circulates the con- 
5 tent of as many received downlink time slots as possible uplink accord- 
ing to certain rules in the GPRS system. 

According to the description above, the physical layer (Layer 1) of a 
circuit-switched GSM system has been tested by forming a data trans- 
10 mission connection. Testing has also been possible by forming the test 
loop in the physical layer, wherein the mobile station reports the re- 
ceived data to the testing apparatus and it has thus been possible to 
measure e.g. the sensitivity of the mobile station. 

15 With a mobile station according to the GPRS system, however, it is 
very difficult or even impossible to perform testing of the physical layer 
in detail, or merely testing of functions in the physical layer of the GPRS 
system in the manner described above. According to the character of 
packet-switched GPRS, data transmission, particularly the formation of 

20 physical radio waves itself, is activated only when there is some data to 
be transmitted in the mobile station. The testing method mentioned in 
the GSM specification differs thus considerably from the normal opera- 
tion of the GPRS system. By means of test loops, also the dynamic and 
independent testing of functions of downlink or uplink data transmission 

25 is impossible. Tests of prior art are only applicable for the testing of 
basic functions in the physical layer, i.e. for testing of the sensitivity of 
the mobile station. It is typical for type approval tests that certain mini- 
mum sensitivity is required of the mobile station at low signal levels, 
which means that the bit error rate (BER) at a certain signal level must 

30 not exceed a determined limit value. 

In the GSM system, data transmission between communication de- 
vices, such as a mobile station and a base station, takes place on one 
logical radio channel. The packet switched GPRS system (General 
35 Packet Radio Service) boosts data transmission, because the same 
logical radio channel can be used by several different mobile subscrib- 
ers. Data transmission between the mobile station and the base station 
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takes place only when needed, and the logical radio channel is not re- 
served for communication between only one mobile station and base 
station. 

5 The GPRS system typically contains different MAC modes in uplink re- 
source allocation, of which the use of USF values in received downlink 
data blocks (dynamic allocation) can be mentioned. In uplink data 
transmission, the USF value is used to refer to those uplink time slots, 
in which the mobile station transmits information. The USF value is 

10 transmitted continuously in connection with downlink data transmission. 
Upon measuring the USF sensitivity, the mobile station needs said USF 
value as well as the capability to report the received USF value to the 
test apparatus. In addition to the USF, also other variables are known 
which cannot be measured by known test loops. 

15 

Furthermore, test loops of prior art cannot be used to test the operation 
of a mobile station in different MAC modes, which include the so-called 
dynamic allocation mode, the extended dynamic allocation mode, and 
the fixed allocation mode. In the GPRS system, there is considerably 
20 more signalling in the physical layer which did not need to be tested 
before, such as resource requests preceding the transmission of data 
blocks. 

With reference to Fig. 3 and in a normal situation, data originates from 
25 an application of the uppermost layer in the communication protocol 
(application layer 306), and data transmission (reference 308) is not 
possible so that the function of the lowest layer, i.e. the physical layer, 
were predictable. For example, it is very difficult to achieve uninter- 
rupted, continuous data transmission. Furthermore, the control of the 
30 precise timing of the RLC/MAC functions is thus not possible, although 
it would be needed in type approval testing. 

As, shown in Fig. 3, the terms LLC, RLC and MAC refer to layers 
(protocol layer) of the protocol structure in the communication protocol 
35 used in the mobile station MS. The communication protocol and the 
different layers constitute the protocol means required in the mobile 
station for processing and generating data received or to be 
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transmitted. The functions of the known RLC/MAC (Radio Link 
Control/Medium Access Control) layer 301 are needed between the 
LLC layer (Logical Link Control) 302 and the physical layer 303 of the 
wireless communication device MS. The LLC layer 302 is subordinate 

5 to the known GPRS mobility management functions (GMM/SM) 305, 
SNDCP (Subnetwork Dependent Convergency Protocol) functions 304 
and also short message service functions. The layers are disclosed in 
more detail in the GSM standard specifications. The MAC is used for 
allocating radio channels between wireless communication devices as 

10 well as for allocating the physical radio channel to a wireless 
communication device for receiving and transmission according to the 
need, as well as for the allocation of LLC frames into the physical GSM 
radio channel. The RLC block takes care of e.g. requesting for resource 
allocation for packets to be transmitted to the mobile communication 

15 network and to be retransmitted over the radio channel. The SNDCP 
acts as an interface for the PDP (Packet Data Protocol). The SNDCP 
block compresses the NPDU (Network Protocol Data Units) received 
and segments them into one or several LLC frames whose length may 
vary. These LLC frames are segmented further into RLC data blocks. 

20 The GMM protocol supports the functions of mobility management of 
the mobile station, such as logging in and out (GPRS attach, GPRS de- 
tach) and activation (PDP Context Activation, PDP Context Deactiva- 
tion). The lowermost level, i.e. the physical layer 303 takes care of the 
physical modulation of radio waves and data transmission between the 

25 mobile station and the network. 

From the point of view of a mobile station manufacturer, the presence 
of all the layers of the protocol structure is not always preferred solely 
to make it possible to test the physical layer. Moreover, the DTE should 

30 be connected with the mobile station during the testing. Such arrange- 
ments are not possible during tests carried out at the state of manufac- 
turing (production testing). Another problem is, as already mentioned 
above, the involvement of the upper protocol layers in the testing, 
wherein the testing and results of the physical layer or the RLC/MAC 

35 layer are also affected by the function of an upper layer. 
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In conclusion, it should be stated that present methods for type ap- 
proval do not provide means for extensive testing of the physical layer 
and the RLC/MAC layer of the GPRS system, and particularly not for 
testing of an uplink connection independently. 

5 

It is an aim of the present invention to present such a method for test- 
ing the function of a mobile station that the testing is related to the 
function of the mobile station in an intended manner. It is also an aim of 
the invention to present a mobile station whose function can be tested 
1 0 in the above-described way. 

The method of the invention is characterized in what will be presented 
in the characterizing part of claim 1 . The mobile station of the invention 
is characterized in what will be presented in the characterizing part of 
15 claim 8. 

A central principle in the invention is to provide the mobile station with a 
test mode which can be activated by means of a received message. 
The test mode is used to control the transmission of data generated in 
20 the mobile station, particularly uplink data transmission. By means of 
the message and the test mode, it is possible to determine and control 
delays, data to be transmitted, and desired functions. 

Thanks to the invention, the testing of the function of the mobile station 
25 and the channels can be directed to particularly those components of 
the mobile station whose functioning is to be confirmed e.g. in connec- 
tion with type approval of the mobile station. Furthermore, the testing 
apparatuses can be constructed to be simpler than before, and difficul- 
ties caused by the function of a data terminal are avoided in the tests. 
30 Moreover, the invention has the advantage that the connection be- 
tween the testing apparatus and the mobile station to be tested is a 
typical situation for the functioning of the system. As an additional ad- 
vantage of the invention, it can be mentioned that testing methods used 
by different manufacturers will be unified, which improves the reliability 
35 of the testing. 
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The testing method of the invention makes it possible to have inde- 
pendent tests tor the physical layer of the mobile station uplink and 
downlink separately. A particular advantage is that for uplink data 
transmission, the generation of resource requests can be controlled 
5 and activated from the testing apparatus, which is needed particularly 
for setting up different tests related to type approval. The invention has 
also the advantage that it makes it possible to control the timing of the 
RLC/MAC layer in testing, which is also needed for setting up different 
tests related to type approval. 

By means of the invention, the use of the uppermost protocol layers 
and applications is avoided in testing, wherein the tests can be applied 
already at the early stages of manufacture of mobile stations to test the 
functions of the RLC/MAC functions and the physical layer. 

15 

In the following, the invention will be described in more detail with ref- 
erence to the preferred embodiments presented as examples and to 
the appended drawings, in which 

illustrates testing according to prior art, 

illustrates the principle of testing according to the invention, 

shows the architecture of the protocol layer of a communi- 
cation protocol in a mobile station, 

illustrates the method of the invention upon testing of down- 
link data transmission, and 

illustrates the method of the invention upon testing of uplink 
data transmission. 

In connection with the above description of prior art, reference is made 
to Fig. 1 . In the figures, parts corresponding to each other are indicated 
35 with the same reference numerals. 



20 Fig. 1 
Fig. 2 
Fig. 3 

25 

Fig. 4 
30 Fig. 5 
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Figure 2 shows an arrangement, in which a testing apparatus 201 is 
coupled to a mobile station 202 in a way known as such. For the pur- 
poses to be described hereinbelow, it is advantageous that the mobile 
station 202 is equipped with a SIM (Subscriber Identity Module) 203 

5 which is designed particularly for testing purposes and which can be an 
smart card similar to the SIM card generally used in mobile stations or a 
particular SIM simulator for setting up the necessary connections 
between the SIM connection in the mobile station and a particular ap- 
paratus for simulating the function of the SIM. It should be noted that 

10 the combination of the SIM simulator and the equipment simulating the 
function of the SIM cannot be paralleled with connecting an external 
data terminal device to the mobile station to be tested. The foremen- 
tioned combination is a part of the testing apparatus, determined pre- 
cisely in the specification of each cellular radio system, and its use in- 

15 volves none of the problems presented in the description of the prior art 
for connecting an external data terminal device to a mobile station for 
the purpose of testing traffic channels. 

In modern public land mobile networks (PLMN) based on a cellular net- 
20 work, the system consists in a known way of several mobile stations 
(MS) using the system, such as mobile phones, and a fixed base sta- 
tion subsystem (BSS). This base station subsystem comprises usually 
several base transceiver stations (BTS) distributed on a geographical 
area, each base transceiver station serving a cell covering at least part 
25 of this geographical area. 

The basic idea of the GPRS system is to use packed switched resource 
allocation, wherein resources, e.g. a logical radio channel for data 
transmission, are allocated when there is a need to transmit and re- 

30 oeive data and information. Thus, the use of the network and the re- 
sources available are optimized and used as efficiently as possible, e.g. 
in comparison with circuit-switched GSM technology. In the GPRS 
system, channel allocation is flexible; for example, 1 to 8 logical chan- 
nels can be allocated on the channel for each wireless communication 

35 device. The same resources can be allocated for several active 
wireless communication devices, and both uplink {i.e. data transmission 
from the base station to the mobile station) and downlink (i.e. data 
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transmission from the mobile station to the base station) communication 
can be allocated separately tor the users. The channels are used 
primarily as control channels and traffic .channels. Traffic channels are 
used for the transmission of speech and data, and control channels are 
5 used for signalling between the base transceiver station BTS and 
wireless communication devices MS. 

The most significant differences between the GSM and GPRS systems 
lie in packet-based communication, wherein the radio channels are not 
10 reserved for one wireless communication device. In the GPRS system 
based on the cellular system, the resources are the radio channels 
used for data transmission (PDCH, Packet Data Channel). Signalling 
used for general controlling takes place on a PCCCH control channel 
(Packet Common Control Channel) reserved for that purpose. 

15 

More precisely, the physical PDCH channels are divided into logical 
radio channels by means of a multiframe structure comprising con- 
tinually transmitted 52 TDMA (Time Division Multiple Access) frames 
which are further divided into 12 blocks (Radio Block), each divided into 

20 4 frames, and 4 idle frames. In downlink communication, these are 
used for data transmission and signalling, in uplink communication for 
data and signalling. In uplink communication, the USF value is used to 
refer to these time slots, when e.g. a mobile station can transmit 
information. The blocks are further divided into at least the following 

25 elements. MAC header (Medium Access Control Header) comprising a 
USF field (Uplink State Flag), and the RLC data block (Radio Link 
Control Data Block) or RLC/MAC control block and BSC block (Block 
Check Sequence). 

30 In the GPRS system, all wireless communication devices which are 
waiting for data to be transmitted on a channel jointly allocated for 
them, also receive all the blocks of the frame structure, including the 
RLC block, interpret the received information and thereby the TFI 
identifier (Temporary Flow Identifier), and first after this, they filter out 

35 the blocks with an incorrect TFI. For the function of the whole GPRS 
system, it is absolutely important that the data of the control blocks in 
downlink communication is received as error-free as possible. 
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The basic idea of multiple access in the GPRS network is that the mo- 
bile station is capable of receiving all the information transmitted by the 
serving base transceiver station. From the received RLC blocks, the 
5 mobile station finds out the data addressed to it. 

Next, we shall discuss testing of downlink communication according to 
the invention. First, an arrangement according to Fig.. 2 is set up, 
whereby the mobile station 202 to be tested is connected to a testing 
10 apparatus 201 and to a testing SIM 203 in a way known as such. Next, 
the mobile station MS is turned on. 

Following this, the mobile station MS performs the login. For using 
services in the GPRS system, the wireless communication device per- 

15 forms first the login in the network (GPRS attach), whereby the wireless 
communication device reports that it is ready for packet data transmis- 
sion. The login forms a logical link, making it possible to inform the 
wireless communication device of entering packet data. For data 
transmission and reception, the packet data protocol (PDP) is usually 

20 activated, whereby the wireless communication device is given a 
packet data address to be used in packet data communication, as well 
as e g. the protocol (e.g. X.25 or IP) defined for the connection, a con- 
nection address (e.g. X.121 address), quality of service, and a network 
service access point identifier (NSAPI). The mobile station can activate 

25 a packet data connection by an activation request message (Activate 
PDP Context Request). 

In downlink testing according to the invention, however, the packet data 
connection is not activated, wherein all the LLC PDU's received by the 

30 SNDCP layer are rejected. After this, normal downlink communication is 
set up, but when LLC PDU's are transmitted to the SNDCP layer, the 
PDU's' are rejected, because the packet data connection is not acti- 
vated. The operation is presented in more detail in Fig. 4 which illus- 
trates messages transmitted in communication between the protocol 

35 layers 301—306 of a mobile station MS and the communication net- 
work, in this case a testing apparatus 201 . 
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After login, for transmitting a downlink data packet (PDU), a paging re- 
quest 401 is transmitted to the mobile station MS which responds by a 
packet channel request 402 and asks for resources e.g. on a PRACH 
channel (Packet Random Access Channel). The network, in this case 
the testing apparatus, transmits a PIA message (Packet Immediate 
Assignment) 403 indicating the resources allocated for the mobile 
station for uplink communication, such as a list of the PDCH channels 
available and the value of the USF field to be used. The USF value 
points to the next block in uplink communication, and the USF value is 
transmitted continuously in connection with downlink communication. 
The MS transmits a response to the paging request (Packet Paging 
Response) 404 (by sending an LLC_TRIGGER_IND message, wherein 
the LLC generates the desired LLC_PDU). The mobile station is still 
transmitted a PDA message 410 (Packet Downlink Assignment) to 
indicate the resources available. After this, RLC data blocks 405—407 
are transmitted to the mobile station for the transmission of bit 
information. In the above-described manner, it is possible to test 
functions of the RLC and MAC layers, wherein also the use of an LLC 
check sum is possible. The purpose of the RLC layer is to take care of 
the segmentation of LLC PDU's into RLC data blocks and the 
recombination of RLC data blocks into LLC PDU's 408. The LLC PDU's 
are transmitted via different levels to the SNDCP layer 409. The testing 
apparatus can receive information on the data received by the mobile 
station depending on the kind of ACKAJNACK mode used in the RLC 
layer. This mode can be set upon allocation of resources to the mobile 
station MS. 

This testing procedure, which can be used to test the function of the 
physical layer and the RLC/MAC layer according to the normal function, 
has the particular advantage of simplicity, wherein the test requires no 
special arrangements in view of messages. In connection with the test, 
it should be checked {e.g. by setting a Ul parameter) that upon login the 
mobile station MS shifts from the GPRS idle mode and performs login 
according to the data in the PSI message (Packet System Information) 
which is transmitted in the GPRS system on a control channel, such as 
the PBCCH channel. 
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In the following, we shall discuss testing of downlink communication 
according to the invention. The first step is to set up an arrangement 
according to Fig. 2, in which the mobile station 202 to be tested is cou- 
pled to a testing apparatus and a testing SIM 203 in a way known as 
such. The mobile station 202 is turned on, and the mobile station per- 
forms login. At this stage, the mobile station MS shifts from the GPRS 
idle mode to the GPRS ready state, which must also be checked in the 
manner presented above. In the idle mode, the mobile station is e.g. 
not in connection with the MM functions of the GPRS system. 

The testing function is presented in more detail in Fig. 5 which shows 
the messages passed in communication between the protocol layers 
301—305 of the mobile station MS and the communication network, in 
this case the testing apparatus 201 . After the attach, for transmitting a 
downlink data packet (PDU) 505 to the mobile station MS, the packet 
paging request 501, packet channel request 502, packet immediate 
assignment 503, and packet paging response 504 are transmitted as 
described above. Furthermore, a PDA message (packet downlink as- 
signment) 511 is transmitted to the mobile station, to indicate the re- 
sources available. The testing apparatus 201 starts downlink data 
transmission and testing by sending a special test message 505 in the 
RLC data block. This special test message 505 includes also informa- 
tion on what kind of uplink data transmission should be started by the 
mobile station MS. This special test message 505 indicates at least the 
length of the LLC PDU to be transmitted, which means the length of the 
PDU formed by the mobile station MS. 

At the next stage, the operation of the mobile station depends on the 
instructions given by the testing apparatus for performing the testing. In 
the presented example, communication is interrupted and the mobile 
station MS shifts to the GPRS standby state, in which the mobile station 
is connected to the MM functions of the GPRS system. According to a 
presented advantageous embodiment of the test, the GMM layer of the 
mobile station processes the special test message, and after a deter- 
mined delay 506 which in this case lasts for the time of two RLC data 
blocks the LLC starts the transmission of the PDU (by sending an 
|_LC_TRIGGER_IND message, wherein the LLC forms the desired 
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PDU (LLC_PDU) and transmits it to the RLC layer). The GMM layer is 
capable of interpreting the special test message, and on the basis of 
the message, it commands the LLC layer to generate data. Uplink data 
transmission is started normally by transmitting a . packet channel re- 

5 quest 507 and a packet immediate assignment 508, after which the 
transmission of the required RLC data blocks, such as data blocks 509, 
510, is started. The above-mentioned generated data can be in random 
format or bit sequences having e.g. the form "00000...", "111111...', 
"01010101...", "110011001100..." or "111000111000...". The special 

10 test message may also contain information on the kind of resource re- 
quest the MS will make. Also, the special test message may contain 
information on whether test data is to be transmitted continuously or 
only in a certain quantity, or information on what kind of ACK/UNACK 
mode is to be used in the RLC layer. 



15 



The arrangement is used to test RLC/MAC functions, MAC states, tim- 
ings and connection set-ups without the influence of an application of 
an upper layer, particularly the uppermost layer, or data transmitted by 
the DTE in which case the testing of timings or the accurate control of 
20 the data transmission is not even possible. A particular advantage of 
the method is the testing of collision situations in data transmiss«on 
(TBF Temporary Block Flow) when uplink data transmission is started 
at the same moment when downlink data transmission is being started, 
downlink data transfer is going on or downlink data transmission is at 
25 end. 

When data transmission (the transfer of data blocks) is still going on, it 
is possible to transmit a new special test message from the testing ap- 
paratus on the PACCH channel, which is followed by a delay and the 

30 transmission of data blocks in the way described above. In this way, it 
is possible to continue and control uplink data transmission. By means 
of the testing procedure, it is possible to provide a desired protocol 
layer with different test procedures for testing uplink data transmission 
separately This is illustrated in Fig. 3 with block 307 showing the test 

35 procedure and with uplink data 311. It should be mentioned that the 
presented block 307 is given for the purpose of illustration only, and it 
does not limit the test procedure in any way to said layer 305 only or the 
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setting up of the test procedure in different protocol layers. By means of 
the testing procedure, it is also possible to control directly the desired 
protocol layer, e.g. the RLC/MAC layer. In the received special test 
message 310 it is possible to define the parameters to be transmitted to 
5 be e.g. information on the length of data to be generated in the mobile 
station, the delay used, and the test procedure used, wherein it is pos- 
sible in a simple and precise manner to use the invention to control the 
testing or the more precise subject of the testing. 

10 When a connection has been set up in the way shown in Fig. 5, the 
testing apparatus can transmit such various commands to the mobile 
station which do not require the participation of the upper protocol lev- 
els, unaware of the connection, in the traffic. The testing apparatus may 
generate test data, i.e. test bursts whose information bits contain such 

15 desired bit combinations whose error-free reception is the particular 
subject of investigation. Functionally, the transmission and reception of 
data take place in the physical protocol layer. In principle, the testing 
would not need to involve any upper protocol level in the mobile station. 
However, the physical layer does not make commands involved in the 

20 control of the mobile station possible, but some upper layers are in- 
volved in the mobile station for their reception and interpretation. 
Nevertheless, it is normal operation of the mobile station to transmit the 
information through all the protocol layers up to the application level 
whose operation the data to be transmitted relate to. 

25 

The special test message (TST_MSG) 505 is normally transmitted on 
the PDTCH traffic channel (Packet Data Traffic CHannel). Testing and 
the transmission of RLC data blocks can also be started again by 
transmitting the special test message on the PACCH traffic channel 

30 (Packet Associated Control Channel). The GMM layer of the mobile 
station processes the special test message (TSTJvlSG), and after a 
determined delay 506, which in one embodiment of the invention lasts 
for the time of the transmission of two RLC data blocks, it starts the 
transmission of the defined LLC PDU. It is also feasible that the special 

35 test message is used to set the mobile station in a state in which data 
transmission takes place in the presented way for a certain time, for 
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example repeatedly. It is also feasible that another special test mes- 
sage is used to reset the mobile station from the test state. 

Next, we shall discuss the more detailed structure of the mobile station 
and the means for receiving and transmitting data. The mobile station 
comprises an antenna connection, through which downlink data is di- 
rected to the mobile station; next, there are radio and intermediate fre- 
quency parts, through which the received radio-frequency signal is con- 
verted to baseband frequency. The information contained in the base- 
band signal is reconstructed in a demodulator, after which the process- 
ing of the received signal may differ depending on whether it is signal- 
ling or data. The information is transferred to a channel decoder and via 
that to a control block, which is a microprocessor and controls the 
operation of the mobile station. Information contained in uplink data is 
generated in the control block, and it is channel coded. In a modulator, 
the data is added by modulation to baseband oscillation and mixed to 
radio frequency by means of the radio frequency parts of a transmitter 
part, after which it can be transmitted via the antenna connection. 

Channel coding and decoding can be implemented with one circuit 
which is programmed to operate in different ways. It is easy for anyone 
skilled in the art to define the test procedures according to the invention 
in the above-described manner and to implement the definition in prac- 
tice, because the mobile station is fully controlled by its control block. 
The control block, in turn, is a microprocessor which runs a program 
stored in the memory means available to it and which is used to 
implement also the protocol means mentioned earlier. When this 
program is written in such a way that the response to the downlink 
message of a certain protocol layer received from the testing apparatus 
is to start the transmission of uplink data to the testing apparatus in a 
way defined by the protocol means, the mobile station can be made to 
operate in a desired way according to the invention. 

Tne present invention is not limited solely to the embodiments pre- 
sented above but it can be modified within the scope of the appended 
claims. The invention can also be applied e.g. in the UMTS system 
(Universal Mobile Telecommunication System). The terms and specifi- 
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cations presented in this patent application, referring to a certain sys- 
tem or apparatus, are given as examples and they do not influence the 
applicability of the invention in all those mobile communication systems 
in which the mobile station can operate. For example, it is feasible that 

5 the different functions are made manually by setting a switch or 
connector in the mobile station in a desired position. For the fluency 
and automation of the testing, however, it is preferred that these func- 
tions can be made by means of the testing apparatus. It is also obvious 
that the applicability of the invention is in no way limited solely to mobile 

10 stations. 
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Claims ; 

1. A method for testing the function of a mobile station, which mobile 
station (MS) is intended to operate in a packet switched communication 
network based on a cellular network and which mobile station (MS) 
comprises means for receiving downlink data from a testing apparatus 
(SS), means for transmitting uplink data to the testing apparatus (SS), 
and protocol means (301—306) provided in the mobile station (MS) for 
generating and processing data, characterized in that in response to 
a downlink message (310, 505) of a certain protocol layer (301—306) 
received from the testing apparatus (SS), generating and transmitting 
uplink data to the testing apparatus (SS) is started, wherein the trans- 
mission is controlled by a test procedure (307) determined for said 
protocol layer (301—306) in the mobile station (MS), the test procedure 
(307) being activated by means of said message (310, 505). 

2. The method according to claim 1 , characterized in that in re- 
sponse to said message (310, 505) received from the testing apparatus 
(SS), the mobile station (MS) is set in a mode in which an acknow- 
ledgement of transmission of data between the testing apparatus (SS) 
and the mobile station (MS) is not transmitted to protocol layers (301— 
306) above a determined protocol layer (301—306). 

3. The method according to claim 1 or 2, characterized in that data 
transmission from the mobile station (MS) to the testing apparatus (SS) 
is started first after a predetermined delay (506) from the arrival of said 
message (310, 505). 

4. The method according to any of the preceding claims, character- 
ized in that said uplink data to be transmitted is generated solely in 
the mobile station (MS). 

5. The method according to any of the preceding claims, character- 
ized in that data transmission from the mobile station (MS) to the 
testing apparatus (SS) is timed to start simultaneously with the arrival of 
other downlink data from the testing apparatus (SS), simultaneously 
with the transmission of other downlink data from the testing apparatus 
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(SS), or simultaneously with the terminal of the transmission of other 
downlink data from the testing apparatus (SS). 

6. The method according to any of the preceding claims, character- 
5 ized in that said message (310, 505) received from the testing appara- 
tus (SS) comprises parameter data on the quantity and quality of the 
data to be transmitted in response. 

7. The method according to any of the preceding claims, character- 
ized in that in response to said downlink message (310, 505) of a 
certain protocol layer (301—306) received from the testing apparatus 
(SS), said protocol layer (301—306) interprets the message (310, 505) 
and gives orders to a lower protocol layer (301—306) to transmit uplink 
data to the testing apparatus (SS). 

8. A mobile station (MS) which is intended to operate in a packet 
switched communication network based on a cellular network and 
which mobile station (MS) comprises means for receiving downlink data 
from a testing apparatus (SS), means for transmitting uplink data to the 
testing apparatus (SS), and protocol means (301—306) provided in the 
mobile station (MS) to generate and process data, characterized in 
that a test procedure (307) is defined for a certain protocol layer (301— 
306) in the mobile station (MS) which test procedure (307) can be acti- 
vated by means of a downlink message (310, 505) of said protocol 
layer (301—306) received from the testing apparatus (SS), and which 
test procedure (307) is used to control the generation and transmission 
of uplink data to the testing apparatus (SS) to be started in response to 
said message (31 0, 505). 

30 9. The mobile station according to claim 8, characterized in that in 
response to said message (310, 505) received from the testing appara- 
tus (SS9, the mobile station (MS) is arranged to be set in a mode in 
which no acknowledgement on data transmission between the testing 
apparatus (SS) and the mobile station (MS) is transmitted to the proto- 

35 col layers (301—306) above a determined protocol layer (301—306). 
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10. The mobile station according. to claim 8 or 9, characterized in 
that data transmission from the mobiie station (MS) to the testing appa- 
ratus (SS) is arranged to be started first after a predetermined delay 
(506) from the arrival of said message (310, 505). 

5 

11. The mobile station according to any of the preceding claims, char- 
acterized in that said uplink data to be transmitted is arranged, to be 
generated independently solely in the mobile station (MS). 

10 12. The mobiie station according to any of the preceding claims, char- 
acterized in that in response to said downlink message (310, 505) of 
a certain protocol layer(301— 306) received form the testing apparatus 
(SS), said protocol layer (301—306) is arranged for the purpose of 
interpreting said message (310, 505) and giving instructions to a lower 

15 protocol layer (301—306) for the transmission of uplink data to the 
testing apparatus (SS). 

13. The mobile station according to any of the preceding claims, char- 
acterized in that it is a mobile station arranged to operate in the 
20 GPRS system. 



WO 00/51380 



PCT/FIOO/00125 



1/4 




MS 


TA 


<£^> 


DTE 







bo act o no o 1 
a uo a qd u n u 



Fig. 1 

PRIOR ART 



201 




203 



Fig. 2 



WO 00/51380 



PCT/FIOO/00125 



304- 



2/4 

MS 



V 



Application 



IP / x.25 



SNDCP 



SMS 



306 



GMIW 
SM 



LLC 



RLC 



MAC 



Physical Layer 



305 



7 



307 



302 



301 



•303 
310 



Network 



308 31 1 



Fig. 3 



WO 00/51380 



PCT/F100/00125 



3/4 



o 

CD O 

z: 

CO 



CO 
CD 
ZJ 

cr 

CD 

a: 

"O) 
03 
Q_ 

CD 

o 

CO 



O 



to 

CJ 

cr 

CD 

(Z 

"a3 
c 
c 
co 

JZ 

O 

•4—* 

CD 

O 
(0 
CL 

O) 
(0 
Q. 



CO 

o 

c 

E 

a> 
co 

CO 

< 

0 



o 

CO 
Q_ 



o 



CD 

co 
a 
o 
aj 

CO 
CD 

cr: 

c 

CO 
CL 

"CD 

o 

CO 
CL 



o 
5 



LO 
O 



CD 
O 



O 



'c 

CD 

E 
c 

U} 

CO 
CO 

< 

"c 

o 

Q 
.»— » 
o 

Js£ 
O 
CO 
CL. 



O 

_o 

O 
i 

a: 



o 
o 

o 

_I 

on 



o 
_o 

-Q 

o 
a: 



00 

o 



CD 

■ MM 



o 



CD 



Q 
Q. 

O 



DC 
ill 
O 

o 

DC 

H i 

O 



3 
Q 

O 



3 
O 

a. 

a 



CL 

o 

Q 

z: 



CD 
O 



WO 00/51380 



PCT/F100/00125 



o 

0)0 

z^o 

CO 



CD 

r> 
cr 

CD 

E 

CD 
CO 
CL 

CD 

O 
CO 

Of, 

a: ^ 



A/4 



o 



CD 



O 

ID 



CO 
<D 
13 

cr 
CD 
£C 

"CD 

c 

CO 

6 

•♦— » 
CD 

o 

CO 

a. 

Cl 

to 

Q> 
i_ 

o> 

CO 
Q. 



a 
a. 

o 



a: 

LU 

o 
o 

a: 
o 



CO 

o 
to 

c 

CD 

E 
c 

cp 

CD 

CO 

TJ 
0 

£ 

E 

0 

O 
CO 
CL 



o 

LO 



lo 



ID 

o 

LO 



CD 
(D 
C 

o 

CL 

CO 

CD 

or 

c 

CO 

a. 
0 

O 
CO 
CL 



c 

CD 

E 
c 
a> 

c/) 
(/> 

< 
c 



o 

Q 
0 

o 

CO 

CL 



O 

O 



o 

c/) 



CO 
LU 



O 
LO 



CD 
13 
cr 
0 
<£ 

"q; 
c 

• c 

CO 
SZ 

O 
-»— > 

CD 

O 
CO 
Q- 



00 

o 

LO 

c 

CD 

E 
c 

"w 

< 

0 

eg 

0 
E 

E 

0 

o 
0 

CL 



sr.. 



a 

CL 

a 
_j 



c 

3, 

Q 
Z 

LU 
O 
O 

(X 

H l 

o 
>>_J 

CO — I 
0 

-a 



CO 

o 

LO 



o 

LO 



J*: 
o 
o 

o 

-J 

a: 



o 
_o 

_Q 

o 
cr: 



LO 

db 



CD 
O 
LO 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/FI 00/00125 



A. CLASSIFICATION OF SUBJECT MATTER 



According to^lnternld^ial Patent Classification (IPC) or to both naiionaJ classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC7: H04Q 



Documentation searched other than minimum documentation to the extent that such documents arc included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



I"] Further documents are listed in the continuation of Box C. Q See patent family annex. 



Citation of document, with indication, where appropriate, of the relevant passages 



WO 9963764 A2 (NOKIA MOBILE PHONES LTD.), 

9 December 1999 (09.12.99), the whole document 



EP 0734192 A2 (SIEMENS AKTIENGESELLSCHAFT) , 
25 Sept 1996 (25.09.96), abstract 



EP 0535838 A2 (NOKIA MOBILE PHONES LTD.), 
7 April 1993 (07.04.93), abstract 



US 5381444 A (M. TAJIMA) , 10 January 1995 
(10.01.95), abstract . 



Relevant to claim No. 



1-13 



1,8 



1,8 



1,8 



♦ Special categoncs of cited documents: 

"A/* document denning the general state of the art which is not considered 

to be of particular relevance 
*E" erner document but published on or after the mteraancnat filing date 
"L" document which may throw doubts on pnonty claun(s) or which is 

cited to establish the publication date of another citation or other 

special reason (as specided) 
"O" document referring to an oral disclosure, use, exhibition or other 

means 

document published pnor to the international filing daw but later than 
the pnonty date claimed 



T later document published after the international filing date or pnonty 
date and not in conflict with the application but cited to unaerstanc 
the pnnciplc or theory underlying the invention 

m X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance: the claimed invention canno: be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the an 

*cV document member of the same patent family 



Date of the actual completion of the international search 



18 July 2000 



Same and mailing address of the ISA. 
Swedish Patent Office 
Box 5055. S-102 42 STOCKHOLM 



Date of mailing of the international search report 

2 1 -07- 2000 



Authorized officer 
Jaana Raivio / MRo 



INTERNATIONAL SEARCH REPORT 



International application No. 



Information on patent family members 


02/12/99 


PCT/FI 


00/00125 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 



W0 9963764 A2 



09/12/99 



NONE 



EP 


0734192 


A2 


25/09/96 


NONE 






EP 


0535838 


A2 


07/04/93 


DE 


69217797 D 


00/00/00 




FI 


89223 B,C 


14/05/93 










FI 


914657 D 


00/00/00 










JP 


5259996 A 


08/10/93 










US 


5490235 A 


06/02/96 


US 


5381444 


A 


10/01/95 


JP 
JP 


5153068 A 
6021864 A 


18/06/93 
28/01/94 



